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Abstract 
Herein, we propose a novel method for characterization of the quality of SiCN films deposited on 
crystalline Si. In this method, the quantity of pinholes in the SiCN films is determined simply by microscopic 
observation of the SiCN/Si(100) sample after immersion in potassium hydroxide solution. Etch pits are 
formed on the Si substrate by permeation of potassium hydroxide solution through the pinholes in the SiCN 
film. This method might be further extended to various kinds of thin films deposited on crystalline Si as a 
simple pinhole characterization method. 
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1. Introduction 
Silicon carbon nitride (SiCN) films are well recognized as transparent hard coating films as well as highly 
corrosion resistant films [1]. In general, SiH4 is required as the Si source for deposition of SiCN films; 
however, the dangers associated with the use of SiH4 make general industrial application impossible owing to 
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safety concerns. We previously proposed the use of hexamethyldisilazane (HMDS), which is a non-explosive 
organic liquid, as an alternative Si source to SiH4 in the fabrication of SiCN films deposited by hot-wire 
chemical vapor deposition (HWCVD) method [2]. This study demonstrated that SiCN can be deposited using 
the simple equipment required for HWCVD and with the relatively safe material HMDS, thus opening up an 
avenue for industrial application of SiCN films. Prior evaluation of the corrosion resistance of SiCN coating 
to various materials [3,4] demonstrated that in order to increase the corrosion resistance by coating, it is 
necessary to reduce the number of pinholes in the film. In the use of HMDS and NH3 for deposition of SiCN, 
SiCN films of various compositions can be obtained by changing the deposition conditions, such as the gas 
flow rate, hot-wire temperature, and substrate temperature. However, for evaluating the quality of SiCN films, 
particularly the number of pinholes, a simple technique is required. The conventional etch pit density method 
is recognized as a very simple method for evaluating the epitaxial film quality, given that the sample is simply 
immersed in a chemical solution with subsequent microscopic observation of the sample surface [5]. Herein, 
we propose a novel and simple method for evaluation of the quality of thin films by investigation of the 
quantity of pinholes in SiCN films deposited on crystalline Si. 
2. Experimental 
A Si(100) substrate was cut into a 20 mm square, and after performing the RCA chemical cleaning [6], 
hydrogen termination treatment was performed by dipping in 1% HF. HMDS and NH3 were used as the 
source gas for SiCN deposition. The Si substrates were placed into the HWCVD apparatus with the pressure 
set below 5.0 × 10-7 Torr. A tungsten wire with a diameter of 0.5 mm and a length of 900 mm was used as the 
catalyst. The wire was kept parallel to the substrate holder at a distance of 50 mm. The temperature of the 
tungsten wire, which was monitored by means of an infrared spectrometer, was fixed at 1600 °C. The NH3 
flow rate was fixed at 100 sccm. A detailed description of the HWCVD apparatus can be found in our 
previous papers [2-4]. Prior to SiCN deposition, NH3 radical treatment [7-11] was performed for 30 min. 
Removal of the carbon contamination on the Si surface and formation of an ultra-thin SiN film were 
performed by NH3 radical treatment. SiCN films about 200 nm thick were deposited on the Si substrate under 
various deposition conditions using the HWCVD method. Etch pits were formed by soaking the samples in 
10% potassium hydroxide solution at room temperature. Etch pits were quantified using an optical 
microscope and a scanning electron microscope (SEM). In this work, the total size of the etch pit area was 
evaluated as an index. Nine arbitrary points on the sample surface were observed for the measurements. The 
etch pit areas were measured using an image-analysis software. 
3. Results and discussion 
Optical microscope and SEM images of the SiCN/Si(100) specimen after immersion in 10% potassium 
hydroxide solution for 6 h are shown in Fig. 1. After immersion in potassium hydroxide solution, square-
shaped etch pits were apparent on the sample surface. Further analysis shows the square-shaped etch pits to be 
pyramid-shaped. Furthermore, a circular orifice is apparent on the upper part of the square. The circular hole 
appears to be a pinhole present in the SiCN film that becomes larger with immersion in the potassium 
hydroxide solution. A pictorial model of the pinholes and etch pits is shown in Fig. 2. Potassium hydroxide 
solution is known as an anisotropic etching liquid; the {100} facets are etched at a faster speed (and thus 
earlier) than the {111} facets; the {111} facets consequently remain behind and the "reverse pyramid"-like 
etch pits are formed by the {111} facets [12]. Therefore, pinholes present in the coating film can be used as 
templates for formation of etch pits in the crystalline Si due to permeation of the potassium hydroxide 
solution through the hole into the Si substrate. Herein, evaluation of the pinholes in the film was performed by 
exploiting the above-mentioned characteristics. When a Si(111) substrate was used instead of the Si(100) 
substrate, triangular etch pits were observed after immersion in potassium hydroxide. 
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SiCN films produced under various deposition conditions were also characterized using this method. Figure 
3 shows optical microscope images of SiCN/Si(100) deposited at substrate temperatures of 100 and 300 °C 
after immersion in potassium hydrate solution for various times. As shown by these pictures, the square-
shaped etch pits were apparent on the surface of the samples following immersion. The number and size of 
the etch pits increased with increasing immersion time. Figure 4 shows the relationship between immersion 
time and the area of the etch pits for the samples deposited at the substrate temperatures of 100 and 300 °C. 
The sample deposited at the substrate temperature of 300 °C had a much lower pit area relative to that 
deposited at 100 °C. The sample deposited at 300 °C had relatively small pin holes and a higher quality film 
than that deposited at 100 °C. It was also found that with increasing immersion time, the size of the etch pits 
eventually tended to saturation, attributed to coalescence of the etch pits. Therefore, for an accurate evaluation 
of the etch pits using this method, a suitable immersion time must be selected. Figure 5 shows the relationship 
between the immersion time and the area of the etch pits for the samples deposited at HMDS flow rates of 1.0, 
1.3, and 1.5 sccm. The sample deposited at an HMDS flow rate of 1.5 sccm had a much lower etch pit area 
than the other samples evaluated. The sample deposited using the flow rate of 1.5 sccm had small pin holes, 
indicative of a higher quality film compared with those deposited using HMDS flow rates of 1.0 and 1.3 sccm. 
 
 
4. Conclusions 
 
A novel method for characterization of SiCN films deposited on crystalline Si was proposed herein. It was 
found that the quantity of pinholes present in SiCN/Si(100) changed with the deposition conditions and could 
be estimated via the etch pit method. It was also found that changing the deposition conditions also changed 
the etch pit area. This method might be applied to any kind of thin film as a simple pinhole characterization 
method. As further work, comparison of the compatibility of other film quality evaluation methods with the 
current technique is required. 
Figure 1. Optical microscope image (left) and SEM picture (right) of 
SiCN/Si(100) after immersion in 10% potassium hydroxide solution 
for 6 h. 
Figure 2. Pictorial model of the pinhole evaluation method. 
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Figure 4. Relationship between immersion time 
and etch pit area for samples deposited at the 
substrate temperatures of 100 and 300 °C..
Figure 5. Relationship between immersion 
time and etch pit area for samples deposited 
at different HMDS flow rates. 
Figure 3. Optical microscope images of SiCN/Si(100) deposited at 
substrate temperatures of 100 and 300 °C after various potassium 
hydroxide immersion times. 
